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The invention relates fo vcuum tube circts, 
and more eseill toeieuitsïnt dgd :for',use mC. 
with tubes utilized in measurt:ïhstfën( eonne'çe 
Errors ofu.btanfiaLmagtuaê, Oïtë'oeeur in rekëgs 
instruments using vacuum tubes, and exaet 5 an 
measurement,.with sueh instrhmen.ts cnn6t=b 0"ad"Vaib1 
depende-0n. One oï hë prihëipal reasonS: 6 

this isthat the anode eurrents" fdrnished b tlfë 
tubes depend fo a great degree upon the voltage 
which heats the filament. Unless this heating 
voltage is maintained constant within a narrow 
range, accurate measurement is impossible. 
If has been heretoïore proposed fo use tubes 
wlth hlgh cathode voltages and low heating out- 
rent, and fo maintain the heating voltage con- 
stant by known arrangements. I-Iowever, these 
devices have required operation by currents of 
100 volts or more, and therefore this solution 
is not satisfactory in connection with low voltage 
devices, especially portable measuring instru- 
ments. 
The primaly object of the present invention 
is fo provide a circuit which will make if possible 
fo maintain the heating voltage substantially 
constant even when using low cathode voltages. 
Another object of the invention is fo provide 
a circuit for this purpose which will indicate de- 
viations of the heating voltage from ifs desired 
value. 
A further object of the invention is fo provide 
in such a circuit an arrangement by which if tan 
be periodically calibrated. 
Still another object of the invention is fo pro- 
vide a circuit which is simple and economical. 
Still a further object of the invention is fo 
provide a circuit in which a single source of out- 
rent furnishes both the heating voltage and the 
anode voltage. 
An additional obJect of the invention is fo pro- 
vide a circuit of this last type in whlch an in- 
strument ïor measuring the anode voltage serres 
ïor the calibration oï the instrument indicating 
the heating voltage. 
In general, the invention contemplates a bridge 
circuit in which heating fllamene of the tube lies 
in one of the legs of the bridge, an instrument 
in the diagonal of the bridge serving fo indicate 
undeslred variations in the heating voltage. 
Further objects and advantages oï the inven- 

8 nd i8.  
If will be noted that the anode voltage is also 
1 supplied by source fi. 
If is apparent with such a circuit that, as long 
as the other values remain constant, any varia- 
tion in the heating voltage will be reiïected by 
variation in the indications of instrument I fi. 
15 The variation can then be corrected by changing 
the setting o resistance 22. If desired, suitable 
circuits could be supplied or varying resistance 
22 automatically in response fo variations in the 
outrent in the diagonal o the bridge. 
20 In the £orm shown in Fig. 2, which shows 
circuit with compensated anode current, the 
bridge diagonal includes a switch arrangement 
26 by which instrument |fi can be connected 
therein as desired. A similar switch device 
5 serves or coupling this instrument in the diag- 
onal o a second bridge circuit, whose legs are 
composed oï resistance }, the two parts o re- 
sistance 2 and the tube itselï. 
When switehes 6 are closed, the device oper- 
30 ates in the same manner as in Fig. 1. The con- 
stancy of the anode voltage can be checked, and 
compared with the heating voltage, when deslred, 
by opening switches 26 and closing switches 8. 
Fig. 3 shows a device intended fo be fed by 
35 an alternating current source . This feeds the 
primary  of a transformer, the secondary of 
which bas coil portions 6,  in lieu of resist- 
ances |a, . A direct current source fi feeds 
the anode through measuring instrument 
4o While I bave described herein some embodi- 
ments o my invention, I wish if fo be understood 
that I do hot intend fo limit myselï thereby ex- 
cept within the scope o the claims hereto or 
hereinaïter appended. 
 5 I elaim: 
I. In a measuring instrument, a vacuum tube 
having a cathode and a separate heating ele- 
ment therefor, a bridge circuit for supplying 
heating current fo said element, said element 

tion will appear more fully from the following 50 
description, especlally when taken in conjunc- 
tion with the accompanying drawings which form 
a part thereof. 
In the drawings: 
Figs. 1 fo 3 are diagrams of three modiflca- 55 
tions of a circuit embodying the invention. 
In the modification of Fig. 1, tube  has a 
heating coi1 4, connected as the flrst leg between 
current supply terminal  and terminal $ of the 
bridge diagonal which includes a measuring in- 60 

being directly connected in one of the legs oï said 
circuit, means fo supply fo said bridge circuit 
sufiicient direct electric current fo cause said 
heating element fo heat said cathode fo emitting 
temperature, and a device responsive fo current 
variations connected in one of the other parts of 
the bridge circuit. 
2. In a measuring instrument, a vacuum tube 
having a cathode and a separate heating ele- 
ment therefor, a bridge circuit for supplying 
heating current fo said element, said element 
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being directly connected in one of the legs of said 
circuit, means fo supply fo said bridge circuit 
sucient direct electric current to cause said 
heating element fo heat said cathode to entitting 
temperature, and a device responsive to current 
variations connected in the diagonal of the 
bridge circuit. 
3. In a measuring instrument, a vacuum tube 
having a cathode and a separate heating ele- 
ment therefor, a bridge circuit for supplying 
heating current to said element, said element 
being directly connected in one of the legs of said 
circuit, means to supply to said bridge circuit 
sufcient direct electric current to cause said 
h.eating element to heat said cathode to emitting 
temperature, and a measuring instrument con- 
nectd in the diagonal of the bridge circuit. 
4. In a measuring instrument, a source of cur- 
rent, a vacuum tube having an anode and a heat- 
ing element therein, a bridge circuit connecting 
said heating element to said source, said ele- 
ment being connected in one of the legs of said 
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circuit, a measuring instrument connected in the 
diagonal of the circuit, and connections between 
said current source and sàid anode. 
5. In a measuring instrument, a source of cur- 
5 rent, a vacuum tube having an anode and a heat- 
ing element therein, a bridge circuit connecting 
said heating element to said source, said element 
being connected in one of the legs of said circuit, 
a measuring instrument, a second bridge circuit 
10 connecting said anode to said source, and means 
for selectively connecting said instrument in the 
diagonals of said bridge circuits. 
FRITZ K. KLUTKE. 
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